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ABSTRACT
The annihilation of pairs of very weakly interacting particles in the neibourghood of
gamma-ray sources is introduced here as a plausible mechanism to avoid the baryon load
problem. This way we can explain how these very high energy gamma-ray bursts can be
powered at the onset of very energetic events like supernovae explosions. Our approach
uses the weak-scale hidden sector models in which the Higgs sector of the standard model
is extended to include a gauge singlet that only interacts with the Higgs particle. These
particles would be produced during the implosion of the red supergiant star core. The whole
energetics of the relativistic blast wave, the reball, is easily reproduced, and found to be
comparable to that one carry away by the neutrino burst.
gamma-rays: bursts:: models | particle physics: extended standard model
1. Motivation and Introduction
In this work we shall work out gamma-ray bursts (GRBs) in a particle physics model distinct from
the neutrino oscillation (Kluzniak 1998) and axion scenarios (Bertolami 1999). We shall base our
discussions on the so-called weak-scale hidden sector models in which one extends the standard model
(SM) Higgs sector by a gauge singlet, S, interacting with only the Higgs particle, h. This model has
recently been shown to admit Q-ball solutions (Demir 1999a). If the singlet S belongs to a higher
dimensional group representation, the invisible decays of the Higgs particle can dominate the visible
ones 3 thereby conrming the non-observation of the Higgs particle at the collider searches. Below we
shall not introduce such higher dimensional representations so that we take Higgs mass to lie within the
present experimental bounds: mh  MZ . The mechanism we propose consists of the sequential events:
(1) annihilation of the gamma rays to singlet pairs, (2) transport of the singlets through the baryon
load to the low mass density region, and (3) annihilation of the singlets back to photons in accordance
with the gamma rays observed on the Earth. Our model assumes that the energy release needed to
triggering the nal GRB comes from the binding energy ultimately emitted when the implosion of a (red
supergiant) massive star, which gets its energy equilibrium conguration perturbed due to core lepton
deplection, ensues. The most likely mass of the remnant star is similar to the one in stellar compact
object hypernova (Paczynski 1998) and supranova (Vietri & Stella 1998) GRB models ( 10 M).
The scenario suggested here can also be extended to describe coalescing neutron star and/or black hole
binaries, and even exploding supermassive stars (M  5 105 M).
The intriguing nature of GRBs, rstly observed in 196719, has remained elusive to astrophysicists until
the recent observation of the rst x-ray afterglow onboard the Italian-Dutch BeppoSAX6, and optical
counterparts of the sources GRB 97022830 and GRB 970508 (van Paradijs 1997; D’jorgovski 1997),
initially detected by the Burst and Transient Source Experiment (BATSE) aboard NASA’s Compton
Gamma-Ray Observatory (C-GRO). The cosmological origin of these misterious surges was established
when the redshift of the event GRB 970508 was found to be z = 0:835 (Metzger 1997). GRB 971214
seems to be the most powerful burst to date detected. Kulkarni et al. (1998) determined its redshift:
z = 3:418. From its γ-rays measured fluence, 1:1  10−5 erg=cm2, the released energy turns out to be
3  1053 ergs. Explaining the emission of such a huge amount of energy avoiding the baryon loading
problem (BLP) requires an innovative astrophysical picture. Still this month the gamma-ray bursts
theories astronomers have envisioned to date were put in check again with the unprecendented strong
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gamma-ray burst from the source GRB990123. It seems to be the most powerful burst ever detected by
BATSE, with fluence 3 10−4; erg=cm2. Assuming isotropic gamma-rays energy distribution indicates
that  1054 erg were released in the explosion. Its afterglows include a prompt optical rise observed by
the on Earth based Robotic Optical Transient Search Experiment (ROTSE Telecope) (Akerlof 1999),
γ-rays, x-rays, and a radio emission observed nearly one day after it appears. Kelson et al. (1999)
determine its redshift through the presence of absorption lines in the optical afterglow z  1:61. The
peak and power law decay of its early emission suggests that a decelerating relativistic shell was present
during that stage (Fenimore, Ruiz-Ramirez & Wu 1999). Fenimore, Ramirez-Ruiz and Wu (1999)
studied the time evolution of the pulse widths of GRB990123 and concluded that since there is no
evidence for pulse width evolution, the only kinematically feasible mechanism for driving the gamma-
ray phase: the external shocks, is rule out, and consequently the gamma-ray bursts originate from a
central engine. An adjacent galaxy with redshift z  0:286 have led to suggestions (D’orgovski 1999)
that this source could be a good candidate for testing the Paczynski conjecture that some gamma-
ray bursts may be lensed by intervening galaxies. Following these hints Blandford & Helfand (1999)
considered the possibility of gravitational enhancement of GRB990123. Their conclusions point to a
modest magnication eect  < 10, and that if no echo is observed from GRB990123, its magnication
is constrainted to   2, what left GRB990123 as the most intrinsically luminous cosmological explosion
yet observed4. Collecting together these observational evidences Sari & Piran (1999) have argued that
the GRB990123, whithin the limits of observations, can crudely be explained through the reball model
of cosmic gamma-ray bursts: the reverse shock prompt triggering mechanism (Piran & Sari 1997).
Gamma-ray burst reball models (large concentration of opaque-radiation plasma released in a small
space) are amongst the most suscessful explanations of what is going on in the cosmological sources
of GRBs (Meszaros & Rees 19921993; Wijers, Rees & Meszaros 1997; WKF 1998; Meszaros, Rees &
Wijers 1998; Sari & Piran 1998), and references therein. The relativistic blast wave, supposed to trigger
the surge, carries too much energy that powering bursts from the Hubble distance is not so a dicult
task. Most cosmological descriptions of GRBs involve catastrophic phenomena in which the GRB source
itself is destroyed at the onset of the explosion. Coalescing binary neutron stars, neutron star black hole
binaries, and at least some supernovae explosions are among these candidates for hosting the bursts.
The non-thermal spectra characteristic of almost all GRBs suggest that bursts escape from optically
thin media, i. e., low baryonic loading. But how low is it in reball scenarios?
Unfortunately, these models are known to be aected by the so called baryonic loading problem. In
these scenarios an enshrounding spherical or toroidal distribution of matter around the GRB source
oftenly precludes the free streaming of the primordial gamma photons released during supernovae
explosions, neutron star-neutron star or neutron star-black hole binary coalescence events. In classical
baryon loaded reball scenarios the ultimate outcome is the transfer of most of the energy of the
reball, Ef  1053 erg, to kinetic energy of the baryons Mb there present (see Mosquera Cuesta 1999,
and references therein). For a very small baryonic load the mass is accelerated to large Lorentz factors
(relativistic flow) with γ  Ef=Mbc2. When the baryon debris amounts Mb  10−5 M the nal
result of the boost is a Newtonian flow (Piran 1998). That is the baryon loading problem for reball
models. Many ideas have been forwared to try to overcome this drawback of the above pictured reball
mechanisms, most of them invoking geometrical peculiar properties of the emitting region. Special
toroidal, disk and even beamed congurations look to be better for tting the energetics requirements
(Mezaros & Rees 1997).
3
2. GRBs Baryon Loading Problem and Particle Physics
Particle physics ingredients have quite recently been incorporated into two rather dierent approaches
proposed to cope with the baryon load problem of reball scenarios. Kluzniak (1999) has introduced an
intriguing idea, which seems able, in principle, to solve this conundrum. Supported by new results from
the Super-Kamiokande Experiment (Fukuda et al. 1998), it is suggested that oscillations of ordinary
neutrino into a sterile flavor:  −! s, may provide a solution to the baryonic load problem, since the
neutrino oscillation length, for the case of moderately energetic neutrinos, E  MeV , is comparable
to the characteristic length scale of most of the systems: compact objects, essentially. Thus way, the
oscillating neutrinos can traverse through the enshrouding dense matter to annihilate in pairs in a region
of relatively low baryon contamination ( 10−5 M), triggering the ultrarelativistic bulk expansion of
the ejecta, as envisioned in the GRBs models. In this case the whole energetics requirements implied
by the observations of the bursts can easily be reproduced.
Meanwhile, Bertolami (1999) propounded a mixed theory involving an axion (the most celebrated
dark matter candidate) and the dilaton of the string theory to solve the baryon drawback of the reball
picture. This scheme is in agreement with the E  1050 erg minisupernova model of Blinnikov and
Postnov (1997), whenever the axion energy can be released in regions not so distant from the supergiant
red star. It is suggested that axion conversions into photons can be most ecient in this type of coupling.
Thus dilaton dynamics may provide an eective mechanism of reconversion of energy in the expanding
reball, triggering GRBs in concomittance with events of supernovae explosions, for example, as it is
apparent from the spatial coincidence of supernova SN 1998bw and the gamma-ray burst GRB980425.
However, these particle physics scenarios have some problems concerning the transport of the energy
through the very dense baryonic matter. The main problem with Kluzniak’s neutrino oscillation scenario
stems from the strong suppression of the neutrino mixing angle in the dense matter (Dighe 1999), that
is, the eective  − s mixing angle is eight to ten orders of magnitude smaller than the one measured
at SuperKamiokande depending on the matter density in the star: 1012− 1014g=cm3. Moreover, in such
a dense medium the neutrino length is as small as centimeters 9. On the other hand, problem with
the axion picture arises when ma  10−4 eV (Raelt & Seckel 1988) for which the total luminosity
falls below the standard candle luminosity LGRB  1:6 1052erg=s by two order of magnitudes. Since
there is no upper bound on the breaking scale of the Peccei-Quinn symmetry in string theory, mass of
the axion could be smaller whereby the axion scenario faces with diculties in explaining the observed
limunosity. However, one keeps in mind that the string loop eects may improve the situation though
it invites the dilaton into the game (Bertolami 1999).
Below we describe a particle physics scenario in which the diuculties associated with the baryon load
problem could be avoided. The model includes the Standard Model of elecetroweak interactions where
the Higgs sector is extended by a gauge singlet scalar. We localize on this model mainly because it
allows singlet be light enough and brings less unknown parameters compared to its supersymmetric
counterparts (see the recent work (Demir 1999b, and references therein). The main advantage of
introducing a gauge singlet follows from the fact that its interactions with the baryons and gauge
bosons is mediated only by the Higgs particle so that iteraction stregth is signicantly suppressed.
3. Hidden Higgs Sector and Gamma-Ray Bursts
We investigate a dierent particle physics scenario for explaining the GRBs. Our framework will be
that of the so-called "hidden Higgs sector" models which has been proposed after 90’s to account for
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the possible non-observation of the Higgs particle in the collider searches. In particular, we will restrict
ourselves to the model of (Demir 1999a) where the necessary Feynman rules and other particle physics
aspects were discussed. The basic property of the "hidden Higgs sector" models is that the standard
model (SM) Higgs sector is extended by adding a gauge singlet S which couples only to the SM Higgs,
h, with
VhSS = mh (1)
where  is a dimensionless constant, and mh is the Higgs mass (for details see 7 and references therein).
The gauge singlet S does not couple to SM particle spectrum so that any collision process involving the
singlet eld and known fermions and vector bosons is necessarily mediated by the Higgs particle. This
very role of the Higgs as the mediator of interactions between the "hidden" (comprising the singlet)
and "observable" (comprising the known fermions and the gauge bosons) sectors makes these models
interesting for both Higgs phenomenology and dark matter searches (Demir 1999a). Below we shall
discuss GRBs using the Feynman rule (1) and the usual SM Feynman rules described in the review






Fig. 1.| Annihilation of γ rays to singlet pairs via the Higgs mediation. Higgs-photon-photon vertex
occurs at the loop level.
Fig. 1 depicts the annihilation of gamma rays to singlet pairs via the Higgs mediation. Throughout
the work we shall assume a light singlet with mass ms such that s  4m2s, that is, photons are
energetic enough to excite two S particles above their two-particle mass threshold. As can be seen
from (Demir 1999a) one can always make S eld light enough by allowing it to be a weak-scale singlet.
It is straightforward to compute the total annihilation cross section for the process in Fig. 1:















where Γh is the total width of the Higgs particle. The vertex formfactor A(s) as well as 
2 factor
follow from the loop character of the Higgs{photon-photon coupling, that is, in the SM there is no
tree-level coupling of the Higgs particle to photons since the former is electrically neutral. The eective
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Higgs{photon-photon coupling is generated by the loops of W bosons and charged fermions (Gunion et









where the formfactor A(s) reads
A(s) = cos W ((3− tan2 W )I(M2W ; s) + ((1 +
s
2M2W










f ; s)− I(m2f ; s)) (4)
where Nfc = 3(1) for f = quarks (charged leptons), and Qf (mf) is the electric charge (mass) of
fermion f . Here the Veltman functions I(x; y) and J(x; y) are dened by
I(x; y) = −x
y
F (y=x) ; J(x; y) = −x
y






ln(1− b(1− b)a) : (5)
As mentioned in Introduction negative Higgs searches at LEP experiments constrain Higgs to weigh
above the Z boson. With such a heavy Higgs, energetics of explosion under concern satises
p
s << mh,
that is, the center of mass energy of the annihilating photons in Fig. 1 is much smaller than mass of
the Higgs particle. Moreover, for the pair-producability of the singlet pairs one has s  4m2s. In what
follows we assume singlet mass lie suciently below
p







s. In this sense, the process in Fig. 1 is a low-energy process (Fischbach et al. 1976)
in which the expression for the cross section (2) simplies considerably. In particular, it turns out that
jA(s)j  1 (for example for ps  100MeV one has As  −0:9− 0:15i where the imaginary part follows
from the light fermion loops). With this setting it is conveninent to compare the cross section (2) with
that of  ! e+e− which has been shown to be useful in understanding the supernovae explosions
(Goodman, Dar & Nussinov 1987)
(γγ ! SS)  h g
2
323








As is seen from (6), (γγ ! SS) is smaller than ( ! e+e−) by roughly ve orders of magnitude,
apart from h factor. The parameter h is the unique combination of the unknown parameters  and mh
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that will appear in other physical quantities as well. Conversion of the gamma rays to singlet particles
proceeds with this cross section where one takes into account explicitely the thermal character of the
photons. Denoting the four-momenta of the photons by k1 = (!1; ~k1) and k2 = (!2; ~k2), the amount of






f(!1)f(!2)(!1 + !2)vrel(γγ ! SS) (8)
where f(!) is the equilibrium Bose population, vrel = 1− ~k1  ~k2=!1!2, and Q is the thermal average
of the total photon energy (!1 + !2) converted to the singlet particles via the annihilation process in
Fig. 1. Since the scattering process in Fig. 1 is a low- energy one several terms in the above integration










sec  cm3 (9)
where the factor 1/54 follows from various factors including the energy integration in (8). Integrating










where we have dened: L0 = 10
55 erg/sec. For a milisecond time interval this limunosity implies an
energy release of 1052 erg times h and temperature and radius factors. In obtaining eq.(10) we have
integrated over the volume of the sphere, which inherently assumes that the emission of the produced
singlets will be throughout the volume, that is, they, just after being produced, should be able to travel
rapidly through the dense baryonic load. To check this point one should compute the mean free path
of the singlets and compare it with the extension of the baryon load. With a huge degenerate electron
density (Garcia-Bellido & Kusenkov 1998) the main process slowing down the motion of the singlets
occurs through their scatterings from the electrons. In comparison with neutrinos one gets




(e− ! e−) (11)






It is the proportionality of S to s=m
2
e that makes it much larger than the neutrino mean free path.
Indeed, for
p
s  100 MeV , apart from 1=h factor, S is larger than  by four order of magnitudes,
corresponding roughly to million kilometers. Hence, the mean free path of the singlets is much larger
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than those of the neutrinos making them comparatively free of friction as they travel through the
baryonic load. Computation of S completes the second of the steps toward an understanding of GRBs.
The unknown piece of the standard model of the electroweak interactions, that is, the mass of the
Higgs particle, and the coupling strength of Higgs to the singlet pair merge to form the parameter
h to which all relevant parameters depend explicitely. Since the main motivation for discussing the
present particle physics scenario is to enable the transport of the energy through the baryonic load,
which is problematic in the case of neutrinos and axions, it is convenient to give a detailed discussion
of the above-obtained quantities here. Referring to the total limunosity eq.(10), one observes that the
total limunosity depends on three parameters: radius R and inner temperature T of the astrophysical
object, and h. While the former are the extensive parameters xed by the observations on the star
under concern, the latter is a by-product of the particle physics model employed here. In particular,
one notices that luminosity and the mean free path have opposite dependences on h, in other words,
LSS is independent of the model parameters. Larger (smaller) the h, larger (smaller) the luminosity
and smaller (larger) the mean free path. The parameter h depends on the coupling strength of the
singlet to Higgs as well as the (unknown) mass of the latter. From the particle physics point of view,
mass of the Higgs particle can be anywhere between MZ and  TeV beyond which theory looses its
perturbative character. For 2=g2  1, 10−2 < h < 1:5 where the lower (upper) limit corresponds
to mh  1 TeV (mh  MZ). If 2=g2 is smaller these bounds lower accordingly. However, the key
observation is that at the threshold of the invalidation of the standard electroweak theory there is a
two order of magnitude suppression in the limunosity due to h. However, if the Higgs particle is to
remain under Large Hadron Collider (LHC) reach h  1, and limunosity is described mainly by the
inner temperature and the spatial extension of the compact object.
For a cross analysis one can constrain the parameter h by requiring it not to cause an order of
magnitude change in the limunosity. Then, one infers that 0:4 <  < 1 where the upper limit
follows from the requirement of having a perturbative Higgs sector. When  = min  g one gets
mh  120− 130 GeV , which is well in the mass range that will be tested at the LHC via gluon-gluon
fusion to two photons with Higgs mediation. On the other hand, if   1, mh rises to 250 GeV which
is above the mass range that will be swept at the LHC. Thus for the reasonable range of  the Higgs
mass can be anywhere from MZ to G
−1=2
F  250 GeV . In conclusion, the requirement of h  1 requires
the Higgs particle to weigh around the weak scale in agreement with the basic assumptions behind
the model. In this sense, for the purpose of both Higgs phenomenology and explaining the GRB’s one
favours h  1.
Until now we have discussed the transport of the energy from the core of the GRB source to outside
which is seen to conrm the experimental data if h  1. To note the consistency of the picture one
recalls that the length scale of the expanding shell in GRB reball models, by the time its optical depth










where E(Γ), Γ  100 and n1  1 cm−3 are the explosion energy, Lorentz expansion factor and density
of the interstellar medium. As for the dense baryonic load, it still is conned in a sphere of radius
 102 km as used in evaluating the luminosity eq.(10). Remember as well that the initial expanding
8
shell in stellar-mass hypernova/supranova models is  104 km. Besides this, mean free path of the
singlets eq.(11) is around million kilometers which guarantees that the singlets are way out the baryonic
load by the time they annihilate in pairs. In this way the model under consideration explains the
transport of energy of the thermal photons from the core to outside where baryon density is relatively
much lower  10−5 M. Next we discuss conversion of the transported energy back to photons, as
observed on the Earth.
Until now we have discussed the energy transport through the strong baryonic load utilizing the
emission of the singlets. The third and the nal stage of the entire GRB process is the conversion of the
singlets to photons. As quantied by eq.(6), the cross section for this process is much smaller than that
of the neutrinos; ( ! Z ! e+e−). Knowing that the temperature outside is signicantly lower than
the one inside the star, one concludes that it may require an unrealistically large volume to convert the
singlet flux to photons. Therefore, the rate for the direct conversion of the singlets to photons SS ! γγ
is rather small. This eciency problem does also arise in other particle physics scenarios. For example,
in the neutrino transport scenario of Kluzniak (1998) only a few percent of the neutrinos get converted
to photons. Similarly, conversion of the axions to photons requires usually large interstellar magnetic
elds. Altough the self couplings of the Higgs eld may induce a relatively large flux of electrons via
SS ! h ! hh or SS ! h ! hhh this may not still take into account the observed gamma photon
flux since coupling of the Higgs to electrons is rather small. Therefore, one concludes that conversion
of the singlet flux to photons is highly inecient.
4. Conclusion and Discussions
In this work we have investigated the viability of the hidden Higgs sector models in explaining the
GRBs in the context of reball scenarios. As the discussions in the text show, in such models transport
of the energy from the core to outside is quite ecient, and the resulting luminosity agrees with the
astronomical observations. The particle physics scenarios with neutrinos and axions are not as ecient
as the present model due to the suppresion of the neutrino mixing angle and smallness of the axions
mass, respectively. In the present model, conversion processes are mediated by the Higgs particle. On
the other hand, transport of the energy from the core to outside is done by the singlets having a rather
large mean free path compared to neutrinos. In the present scenario singlets are light enough to be
pair-produced by the photon annihilations, and such a light singlet does not contradict with the present
collider data as it aects the precision observables at two and higher loop levels (Binoth & van der Bij
1997). However, in the present scenario conversion of the singlets to photons is more inecient than
those in the neutrino oscillation and axion scenarios.
The model employed here has three free parameters, mass of the singlet ms, mass of the Higgs mh
and coupling strength of the Higgs to singlets . For a light singlet only the latter two enter the physical
quantities as described by the quantity h. This parameter is constrained to be around unity by the
present GRB observations, and consequently, for   O(1), Higgs mass lies in the intermediate mass
range which will be explored by the LHC in near future. Roughly speaking, the present GRB data
requires Higgs mass to lie at the weak scale.
The potential realization of this scenario in the astrophysical sources of GRBs would render it a
viable pathway for testing some of the extensions of the standard model of particle physics introduced
to account for the observational properties: energetics, timescales, spectra, etc., of GRBs, such as the
one being suggested here.
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